whereas the AVTR V2-type and cystic fibrosis transmembrane conductance regulator 38 (CFTR) mRNA levels were associated with environmental salinity, indicating a 39 possible connection between AVTRs and these transporters. In the kidney, AVTR 40
for NKAα, CFTR, and β-actin, 1 ng·µL -1 of cDNA was used for all the amplifications. 281
To confirm the correct amplification of each primer pair, the obtained PCR amplicons 282 were cloned and sequenced as above. 283 284
Distribution of AVTRs and ITR mRNA in Sparus aurata 285
Total RNA from three different specimens kept at 40 ‰ salinity was isolated using an 286 Ultra-Turrax® T8 (IKA®-Werke) from 30 mg of tissue from the operculum, gills, 287 mouth epithelium, esophagus, stomach, pyloric caeca, anterior intestine, middle 288 intestine, rectum, head kidney, caudal (distal) kidney, heart, spleen, liver, gallbladder, 289 perivisceral fat, ovary, testis, gas bladder, muscle, skin, and bone (vertebral) (n = 3) 290 using the NucleoSpin ® RNA II kit (Macherey-Nagel) and the on-column RNase-free 291
DNase digestion (included in the kit) at 37 °C for 30 min. Whole brains and eyes were 292 processed similar to the other tissues but in a volume of buffer RA1 proportional totheir weights, loading the columns with the maximum allowed volume (600 µL) and 294 storing the rest at -80 °C for further use if necessary. Pituitaries and urophysis were 295 processed as above but using the NucleoSpin ® RNA XS kit (Macherey-Nagel). After 296 RNA quality and quantity analyses (see above), reverse transcription on 500 ng of 297 total RNA was performed with the qScript™ cDNA synthesis kit (Quanta 298 BioSciences). Then, the cDNA was diluted 10-fold to a concentration of 2.5 ng·µL -1 , 299
and PCR amplifications were carried out with the PerfeCTa SYBR ® Green FastMix™ 300 (Quanta BioSciences). Each reaction mixture (10 µL) contained 0. 95 °C, 15 s) for AVTRs, ITR and β-actin, which was used as a positive control. The 309 negative control was run using sterile water as template. The melting curve was used 310 to ensure that a single product was amplified and confirm the absence of primer-dimer 311 artifacts. PCR products were separated on a 2% agarose gel stained with GelRed to 312 evaluate the presence or absence of each mRNA in all tissues. The PCR conditions for 313 each primer pair were established in the exponential part of the curve for unique 314 reaction products after establishing a relationship of signal vs. number of cycles. 315 316
Quantification of gene expression levels (qPCR) 317
Total RNA was isolated using an Ultra-Turrax ® T8 (IKA®-Werke) from 318 hypothalamus or 30 mg of tissue from the gills, kidney and liver using the 319 NucleoSpin ® RNA II kit (Macherey-Nagel). RNA quality and quantity were measured 320 as described above. Only samples with a RNA Integrity Number (RIN) higher than 321 8.5 were used for qPCR. 322 qPCR was carried out with the Fluorescent Quantitative Detection system (Eppendorf 323
Mastercycler ep realplex 2S). Each reaction mixture (10 µL) was treated as described 324 above for tissue distribution, except for the PCR profile, which was as follows: 95 °C, 325 ! 95 °C, 15 s. Each sample was run in triplicate. The results were normalized to β-actin 327 due to its low variability (less than 0.3 C T ) under our experimental conditions. 328
Relative gene quantification was performed using the ∆∆C T method (Livak and  329 Schmittgen, 2001) with the cDNA from hypothalamus total RNA of the control group 330 at day 0 as baseline. 331
Furthermore, gill samples from specimens acclimated to the three environmental 332 salinities (LSW, SW, and HSW) over 14 days (end-point of the experiment) were 333 used for relative quantification of expression levels of NKAα and CFTR genes. qPCR 334 reactions were carried out as described above. In addition, the correlation analysis 335 between AVTR V1a2-type and NKAα, as well as AVTR V2-type and CFTR gene 336 expression, was performed for the three experimental salinities at day 14. 337 338
Statistics 339
Significant differences were analyzed with a two-way ANOVA with salinity (LSW, 340 SW, and HSW) and time (day 0; 12 hours; days 1, 3, 7, and 14) as main factors, 341 followed by post-hoc comparison with Tukey's test. For single time point data, 342 significant differences were analyzed with a one-way ANOVA (LSW, SW, and 343 The gene expression patterns for sea bream AVTR V1a2-type (V1a2), AVTR V2-type 368 (V2), and ITR were examined by qPCR in SW-acclimated specimens ( Figure 5) . 369
V1a2-type receptor mRNA was ubiquitously expressed in all the tissues examined, 370 except in the eye, where it was not detected. The gills, intestine (anterior, middle, and 371 rectum), testis, and gas bladder showed strong gene expression, whereas it was low in 372 the pituitary and ovary. The V2-type receptor was present in all tissues assessed, 373 although different gene expression levels were observed; the gills, anterior intestine, 374
and testis had the highest gene expression, and the heart and ovary had the lowest. 375
Finally, ITR gene expression was not detected in the pituitary, stomach, heart, spleen, 376 ovary, or testis; the gills, mouth epithelium, gall, and gas bladders had the highest 377 gene expression levels, whereas the eye, liver, muscle, skin, and bone had the lowest 378 gene expression. 379 regions based on the effects induced by AVT treatment in the in vitro study. In 480 addition, the hypothalamus had the lowest mRNA levels of the three receptors, 481 whereas the gills, kidney and liver showed 7-to 60-fold higher levels for AVTR 482 genes and 3-to 5-fold higher for ITR compared with baseline and depending on the 483 time post-transfer and environmental conditions. These data suggest that 484 osmoregulatory (i.e., gills, kidney) and metabolic (i.e., liver) organs could be more 485 responsive to AVT/IT plasma changes in specimens submitted to osmotic challenge. 486
The vasotocinergic and isotocinergic pathways appear to be involved in branchial 487 sodium and chloride exchange, in which the direction of ion and water movement 488 depends on the relative imbalance compared with the surrounding environment 489 (Maetz et al., 1964; Motais and Maetz, 1967) . To this end, the Na + ,K + -ATPase (NKA) 490 has been described as one of the most important transporters to drive osmoregulatory 491 actions in the gills (Epstein et al., 1980; Marshall, 2002) . conditions. Interestingly, the NKA response is also carried out via the PLC and IP3 516 signaling pathways. Therefore, co-regulation between V1a-type receptor and NKA 517 activity in S. aurata after hyper-and hypoosmotic challenges could be proposed. 518
For the V2-type receptor, a clear direct linear relationship between its mRNA levels 519 and environmental salinity was detected in both extreme conditions from 3 and/or 7 520 days post-transfer until the end of the experiment. These results also suggest an 521 important role of this receptor in the acclimation to HSW. In this osmotic condition, a 522 relationship between AVTR V2-type and other transporters responsible for ion 523 extrusion could be possible in sea bream gills. Indeed, a relationship between 524 environmental salinity and gill CFTR gene expression has been previously described control of the metabolic processes carried out in this organ. In addition, the possible 587 feedback process of plasmatic AVT on vasotocinergic neurons could be regulated via 588 the V2-type receptor at a hypothalamic level. A similar observation has been 589 described in C. commersoni (Mahlmann et al., 1994) . Interestingly and in contrast 590 with the mammalian model, the V1-type receptor (specifically the V1b-subtype) has 591 been historically described to be present exclusively in the anterior pituitary (Antoni, 592 1984) . Nevertheless, subsequent studies have suggested its presence in other regions 593 of the brain (Barberis and Tribollet, 1996; Vaccari et al., 1998). These observations 594 reinforce the hypothesis of this receptor monitoring the synthesis and release of the 595 ! AVT hormone. Still, to the best of our knowledge, no evidence of this hypothesis has 596 been reported in other species of teleosts. Thus, future studies on the control of AVT 597 release are necessary to elucidate this paradigm not only in fish but also in mammals. 598
The liver is one of the main reservoirs of energy in vertebrates, whereas the brain is 599 responsible for between 1.5 and 8.5% of the total body energy consumption in 600
vertebrates (Van Ginneken et al., 1996) . Previous studies have demonstrated that 601 AVT and IT treatment, as well as osmotic challenges, enhance hepatic glycogenolytic 602 routes and free-glucose production processes in teleosts, including S. aurata (Janssens 603 and suggesting that the metabolic actions of AVT are controlled by this receptor in both 618 extreme salinities due to the higher energy requirement. Furthermore, hyper-and 619 hypoosmotic transfers also increased hepatic AVTR V1a2-type mRNA levels, the 620 effect of which could be associated with the incorporation of inorganic phosphate in 621 phosphatidyl inositol routes, acting as a substrate for phospholipase C, which is the 622 intracellular pathway for this type of AVT receptor (Kirk et al., 1977; 1979) . These 623 results suggest that gene activation of V1a2-type and/or V2-type receptors in the liver 624 and brain is related to the control of the energy supply due to the higher requirements 625 produced by the environmental salinity challenge. 626
In conclusion, this study provides evidence of the presence of two different types of 627 AVTR and a single ITR in the marine teleost S. aurata. In addition, our results also 628 reveal a wide tissue distribution of these genes, with different expression patterns. 
